Methods and analysis:
In this prospective cohort study, a total of 60 patients with FAI scheduled for arthroscopic surgery will be followed and tested preoperatively, and again after 3, 6, 9 and 12 months. Assessment includes isokinetic dynamometry evaluating hip flexion and extension; evaluation of functional capacity in a three-dimensional motion laboratory; pain assessment; self-reported function, quality of life, expectation and satisfaction with the surgery; recording of previous and present sporting activities and accelerometry. In addition, data on surgical procedure, rehabilitation progress, adverse events and failure will be recorded. Patients will be compared with an age-matched and gender-matched reference group of 30 persons with no hip, knee, ankle or back problems. Long-term follow-up of this cohort may evaluate possible reoperations and development of hip osteoarthritis. Furthermore, analysis on how subgroups respond to the treatment could be performed together with identification of possible "non-responders".
Ethics and dissemination:
The study is approved by the Central Denmark Region Committee on Biomedical Research Ethics ( Journal No 1-10-72-239-14). The results from this study will be presented at national and international congresses and published in peerreviewed journals.
Trial registration number: NCT02306525.
BACKGROUND

Femoroacetabular impingement (FAI) is
caused by an abnormality in the acetabular shape or orientation ( pincer-type), by a shape abnormality in the proximal femur (cam-type) or by a mix of the two conditions. 1 2 FAI causes repeated minor damage to the labrum and edge of the acetabulum, labral tears and damage to the cartilage lining of the hip joint resulting in pain from the hip and groin region. 3 The prevalence of cam and/or pincer deformities has previously been investigated in asymptomatic individuals with a mean age of 25 years, where a higher prevalence of cam deformity was seen in athletes (37%) compared with the general population (23%). 4 Asymptomatic pincer deformities were seen in 67% of the population, although they were less well defined in the literature. 4 It is unknown why only some deformities become symptomatic, although the symptomatic deformities seem to be linked to a combination of lifestyle factors and genetics. 5 
Strengths and limitations of this study
▪ This prospective cohort study collects objectively measured and self-reported data from patients undergoing arthroscopic hip surgery for femoroacetabular impingement. ▪ All patients are operated by the same experienced surgeon. ▪ Patient data are compared with an age-matched and gender-matched healthy reference group. ▪ For ethical reasons, it is not possible to evaluate the reference group radiologically.
FAI has been suggested to lead to early hip osteoarthritis (OA). 6 Severe cam-type FAI and reduced internal rotation especially strongly predispose to fast progression of OA, 1 2 and an investigation of symptoms and functions related to the specific subtypes of FAI and their predisposition to development of OA is warranted.
Surgical treatment of FAI has been analysed in a variety of studies of the open, combined and arthroscopic methods, respectively, [7] [8] [9] [10] [11] demonstrating that surgery can reduce symptoms caused by impingement in a short-term to mid-term perspective and may prevent future damage to the hip joint. However, different surgical techniques are used and only a few long-term studies on relevant outcomes after surgery exist. 8 9 Moreover, the most recent reviews conclude that evidence is still lacking to ensure that this type of surgery is effective for patients with FAI, 12 and that knowledge on how surgery impacts functional performance for the patients in the short-term and long-term perspective is lacking. 13 Hence, with the rise in arthroscopic treatment of FAI seen in the past decade, 14 it is important to investigate the outcome of surgery further.
The pathology of FAI alters the intra-articular conditions of the hip joint, making people report pain during motion. 15 Accordingly, studies have shown that the hip sagittal plane, frontal plane and transverse plane movements are altered during walking, stair climbing and squatting for the patients. 16 17 Hence, it is interesting to investigate the total movement pattern of the lower extremity compared with a reference group with the aim of giving clinicians a measure of the total gait quality. This may be described with the Gait Deviation Index, 18 quantifying how much patients demonstrate altered kinematics compared with reference persons. Different surgical techniques may restore hip sagittal plane movement during walking to reference values, though not during stair climbing. 16 Although kinematics are altered for the patients, study results are conflicting regarding kinetics. [19] [20] [21] Nevertheless, a larger study, 21 which, in contrast to the other studies, was powered for the statistical analysis, found altered hip flexion moment and hip external rotation moment during walking. Further investigation on this matter is necessary in larger groups evaluating hip biomechanics, subgrouping patients into FAI subtypes based on radiography, before clear conclusions on the biomechanical phenomena may be conducted. 22 Of note, hip muscle function is also altered in patients with FAI. Specifically, Casartelli et al 15 described that patients demonstrate decreased isometric muscle strength of the hip flexors, adductors, abductors and external rotators compared with reference persons. Moreover, isometric hip flexion muscle strength was still decreased in eight patients 2.5 years after arthroscopic surgery when compared with healthy controls. 23 This strongly suggests further evaluation of muscle strength in a larger group of patients involving isometric, concentric and eccentric muscle strength to identify possible target areas for rehabilitation programmes.
In contrast to patients with OA, patients with FAI perform the same level of steps per day as seen in healthy controls. 24 This is surprising given that many patients report hip pain during daily activities and when doing sports. 15 No studies were found to evaluate objectively measured physical activity levels besides stride-level activity, and no studies evaluated physical activity after surgery. Our clinical experience is that there is large variation in patient symptoms, ranging from some patients who can hardly engage in daily activities to others who only experience problems during high-impact physical performance. Consequently, it is difficult to plan physical performance tests fitting all patients into one category. 25 26 This suggests that patients should be stratified according to symptom severity, FAI subtype, gender and age groups when analysed in future studies.
AIM
The aim of this prospective cohort study is to evaluate biomechanics, muscle strength, physical activity and patient-reported outcomes in patients with FAI before and after arthroscopic surgery compared with a reference group without hip problems. 1. Biomechanics: The aim is to investigate movement patterns for patients with FAI before and 1 year after surgery compared with a reference group. It is hypothesised that: A. Patient gait and stair ascending and descending kinematics described by the Gait Deviation Index are lower than reference values preoperatively and will increase 1 year postoperatively. B. Hip flexion moment and hip extension angle are lower during the stance phase of gait and stair descending for the patients. Hip flexion moment and hip extension angle will increase 1 year after surgery compared with the preoperative period. C. Furthermore, the movement patterns of stepping, sit-stand-sit and jumping will be explored. D. Subanalyses will be performed after stratification of patients according to the type of FAI. 2. Muscle function: The aim is to investigate hip flexion and extension muscle strength before and 1 year after surgery and its relation to pain during testing. It is hypothesised that: A. Compared with reference values, isometric, concentric and eccentric hip flexor muscle strength is decreased preoperatively. At 1 year follow-up, muscle strength is expected to increase compared with the preoperative level, without reaching the reference value. B. Pain levels during muscle strength tests are inversely associated with muscle strength level. C. It will further be explored how differences between subgroups based on FAI type exist; also, the rate of force development (RFD) will be investigated.
3. Physical activity: The aim is to investigate physical activity for patients before and 1 year after surgery and to compare this to reference values. Objectively measured daily activities and self-reported ( present and previous) sports activities will be investigated. A. It is hypothesised that the duration of physical activity (walking and cycling) will increase 1 year after surgery. B. Furthermore, subgroups of the patients are expected to be less active than the reference group preoperatively. 4. Patient-reported outcomes: The aim is to investigate pain-related, function-related and hip-related quality of life measured with the Copenhagen Hip and Groin Outcome Score (HAGOS), 27 along with expectations for surgery and satisfaction with surgery. A. It is hypothesised that all subscales of HAGOS will increase 1 year after surgery. B. Furthermore, if any patients rate below 50 points at the HAGOS pain subscale at 1 year follow-up, their data will be further explored to clarify why their pain is still weak and moderate-to-severe 1 year after surgery. C. Also, further exploration of the association between the relevant patient-reported subscales and physical performance tests/muscle strength will be performed.
DESIGN
In this prospective cohort study, 60 patients eligible for arthroscopic treatment of FAI and 30 age-matched and gender-matched reference persons without any hip problems will be included. The patient group will be assessed preoperatively, and again at 3, 6 and 9 months and 1 year after surgery, while the reference group will have a single assessment (figure 1).
MATERIAL Patients
Inclusion criteria Scheduled arthroscopic hip surgery at Horsens Hospital, Denmark by the same surgeon (BL), a diagnosis of cam and/or pincer impingement, for patients with cam, an α angle ≥55°on an anteroposterior (AP) standing radiograph, for patients with pincer, a centre edge angle >25°o n an AP radiograph, no signs of retroversion in the lower 2/3 of the hip joint on an AP radiograph, no posterior wall sign on an AP radiograph, OA grade 0-1 according to Tönnis' 28 classification joint space width of >3 mm and age between 18 and 50 years.
Exclusion criteria
Previous corrective hip surgery of the included hip, FAI secondary to other hip conditions such as the Legg-Calvé-Perthes disease and epiphysiolysis, alloplastic surgery at the hip, knee or ankle region (both legs), cancer, neurological diseases that affect movement pattern, inability to speak or understand Danish and pregnancy at the time of inclusion.
Reference group Thirty gender-matched and age-matched persons will be included as a reference group. The reference group will only include persons who state that they have had no known back, hip, knee or ankle pain/problems during the last year. Further, no persons with limitations in walking or a previous major surgery in the hips, knees or ankles and diseases that may affect functional performance (eg, neurological diseases) will be included.
METHODS
An overview of measurements is shown is table 1.
Imaging
Patients will have two low-dose CT scans of their included hip. The CT scans will be used to plan and evaluate the surgery and to categorise patients in subgroups of FAI: (1) cam, (2) pincer and (3) mixed. On both the affected and non-affected hip, an experienced radiologist will determine the α angle, the centre edge angle, the acetabular index (AI) angle and the anterior and posterior acetabular sector angles. Joint space width in the coronal and sagittal planes will be measured at radiographs. For ethical reasons, the reference group will not have their hips CT scanned.
Self-reported outcomes
Patients will score their hip/groin pain during the past 24 h during rest and during activity at a 100 mm Visual Analog Scale (VAS). 29 Furthermore, they will complete HAGOS for the hip included for surgery. HAGOS is a validated outcome tool used for assessing hip pain and function in young to middle-aged, physically active patients with long-standing hip and/or groin pain. 27 For the contralateral hip, the subscales 'symptoms', 'stiffness' and 'pain' from HAGOS will be filled. To evaluate general health, a VAS health scale 30 will be recorded together with reports of comorbidities. Patients will further report any knee or back pain during the past 24 h on a VAS as well. Patient expectations and reasons for choosing surgery and their expectations for the results of the surgery will be recorded as done by Mannion et al. 31 Finally, patients will be asked about their previous and present sports activities, years with pain, pain medication, previous treatment modalities, smoking habits, alcohol intake, education, employment and sick leave.
At follow-up, patients will further report fulfilment of expectations, patient global treatment outcome 31 and patient-acceptable symptom state. 32 The reference group will complete HAGOS as well as the questions about previous and present sports activities, smoking habits, alcohol intake, education and employment.
Objective outcome measures Motion analysis Kinematic data will be collected using a threedimensional motion capture system (Qualisys AB, Gothenburg, Sweden) with 8 ProReflex MCU1000 infrared high-speed cameras operating at a sampling frequency of 240 Hz. In addition to the kinematic measurements, during relevant movements, ground reaction force data will be collected at 960 Hz using a force plate (AMTI OR6-7, Advanced Medical Technology Inc, Watertown, Massachusetts, USA) embedded in the floor. Prior to testing, all participants will be instrumented with 36 retro reflective markers (19 mm diameter) secured on specific anatomical locations on the pelvis, thighs, shanks and feet as described earlier by Petersen et al. 33 Furthermore, markers will be placed at the C7, incisura jugularis and 10 cm below the incisura jugularis to monitor trunk movements. First, a static test will be performed; then static markers will be removed and participants will execute movements including gait, stair climbing, stepping, sit to stand and jumping as described below.
Gait
The participants will perform five trials at a self-selected walking speed. Their self-selected speed will be measured with two SpeedLight V2 (Swift Performance Equipment, Brisbane, Australia). Afterwards, gait speed will be standardised as 1.39 m/s±10% to ensure comparability between patients and the reference group before and after surgery. The gait trial will be repeated until at least three valid foot strikes of the right and the left legs at the standardised speed have been recorded. 34 Stair climbing Participants will walk up and down a three-cased staircase (rise 21 cm, run 25 cm) with no handrails. The test will be performed with and without an additional weight of approximately 20% body weight obtained by having the patients carry two dumbbells.
Step Participants will step up and down a 40 cm block step with no use of hand support. Again, the test will be performed with and without an additional weight of approximately 20% body weight.
Sit-stand-sit Participants will rise from an adjustable backless bench and sit down again with their arms crossed in front of the chest.
Jump
Participants will perform a drop jump from a 40 cm box. The box will be placed approximately 20 cm from the force plate. The participants will be instructed to jump down from the box, hitting the force plate with both legs at the same time and then immediately perform a vertical jump with maximal effort. Pain during movement tasks will be recorded together with a registration of whether the participants are able to perform a movement task, perform with modifications or decline to perform a movement task. The tests are not validated for use in this patient group and will be performed as an explorative study of movement pattern for patients with FAI.
Muscle strength assessment Participants will perform a 5 min warm-up on a bicycle ergometer before maximal strength testing. Participants will lay supine on the dynamometer chair (Humac Norm, CSMi, Stoughton, Massachusetts, USA) with the chair back inclined 15°and the dynamometer rotation axis aligned with the hip rotation centre (greater trochanter). 15 Hip flexor and extensor strength for both legs will be tested in a randomised order of starting leg and starting muscle group. Prior to testing, the mass of the tested limb will be measured to adjust for gravity. The muscle group will be tested in the following order: isometric, concentric and eccentric. First, as described by Casartelli et al, 15 participants will be tested isometrically at 45°. Participants will complete two submaximal familiarisation trials followed by 3-4 Maximum Voluntary Contraction (MVC) trials during which they will be asked to perform maximal effort for 3-4 s. Standardised verbal encouragement will be provided. 35 After isometric testing, participants will have their isokinetic strength assessed in the range of hip motion from around 10-80°at an angular velocity of 60°/s. The participant will be asked to perform a concentric contraction, immediately followed by an eccentric contraction. There will be a resting period of 30 s between all tests. The procedure for the isokinetic test will be repeated three times. Hereafter, the remaining muscle groups will follow the same procedure.
Clinical examination tests
The participants will have the FABER (Flexion, ABduction, and External Rotation) test and the anterior impingement test at 90 and 120°of hip flexion performed, as described by Ratzlaff et al. 36 A positive test is indicated by pain in the upper/inner thigh or groin.
Objectively measured physical activity
To objectively measure daily physical activity, participants will be asked to wear a 3-axial accelerometer (AX3 data logger, Axivity, York, UK) during all waking hours for five consecutive days. Participants will record whether they perform any activity not wearing the accelerometer, for how many hours they wore the accelerometer, and at the end of each day they will rate their VAS pain during rest and during activity.
Surgery and rehabilitation
The arthroscopic hip surgery will be performed by the same experienced surgeon, who will register details of the arthroscopic procedure immediately after departing the operation theatre: anaesthetic data, thrombosis prophylaxis, duration of the surgical procedure and stretch of the leg, extent of cartilage damage on the femoral head and acetabulum, treatment of cartilage damage, number of ancres and complications during surgery.
Postoperatively, patients will follow a standardised rehabilitation programme instructed by experienced physiotherapists. Deviations from the rehabilitation programme will be recorded, and if the patients are admitted to further rehabilitation, the type and duration of this will be recorded as well. fracture and death will be recorded. The hip arthroscopic surgery will be considered a failure if the patient has received a total hip arthroplasty.
Data analysis Motion analysis
Qualisys Track Manager (Qualisys AB, Gothenburg, Sweden) software will be used to collect the kinematic and kinetic data and determine the three-dimensional position of each marker as described by Petersen et al.
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The data from the motion files will be low-pass filtered with a fourth order Butterworth filter with a cut-off frequency of 8 Hz. A standard three-dimensional inverse dynamics method based on Newton-Euler equations will be used to quantify the relevant forces and moments acting on the lower limb joints. Moment data for each participant will be normalised by dividing by body mass to enable comparison with results obtained in similar studies in the literature. For each participant and for each movement, ankle, knee, hip, pelvis and trunk kinematics will be calculated. Kinetics will be calculated during walking, stair descending and jumping. The average of at least three measurements will be computed for all movements. Gait quality will be described with the Gait Deviation Index. 18 Muscle strength and electromyography assessment All data will be sampled using TeleMyo Direct Transmission System and MyoResearch Software (Noraxon, Scottsdale, Arizona, USA) at 1500 Hz, and analyses will be performed using custom-made software. Torque data will be filtered using a Butterworth low-pass filter (cut-off frequency: 6 Hz), and the gravity adjusted. Contraction onset will be defined as when the torque increases above 7.5 Nm and MVC will be defined as the peak torque measurement. Maximal RFD will be defined as the steepest slope between onset and MVC. Additionally, RFD will be determined as the average slope from 0 to 50 ms and 0 to 200 ms after onset of contraction. 37 All torque measurements will be normalised to body mass.
Daily activities
Accelerometer outcomes will be analysed with a custom developed MATLAB algorithm. 38 Outcomes are: percentage rest, standing, walking, cycling, swimming and high-impact activity, number of steps, number of sit to stands and total time wearing the accelerometer. Outcomes will be means of 5 days of measurement. If a participant has recorded activity for less than 10 h a day, that day will be excluded. 24 In case of data errors or missing data, a minimum of 3 days of 10 h is needed; otherwise, the data will be excluded.
Sample size calculation
Although this cohort study has several central outcome measures, the primary outcome variable which the main sample size is based on is isometric hip flexor peak torque. The sample size is based on preoperative (mean 1.25, standard deviation (SD) 0.55) and postoperative (mean 1.50) hip flexor peak torque values from Casartelli et al; 23 applying a level of significance of 0.05 and a power of 90%, the patient group should consist of at least 53 persons. To allow for possible dropouts, our goal is to include 60 patients. Owing to the inconsistency of results from biomechanical studies in the FAI-patient group, biomechanical measures from patients with hip dysplasia are used to check if this part of the study is powered sufficiently. Preoperative values of peak hip flexion moments (mean 0.57, SD .22) and 1 year postoperative (mean 0.80), 39 with a level of significance of 0.05, a power of 90% suggests that approximately 12 patients are sufficient for this test, making our design solid for this part of the study as well. For the physical activity measurements, a convenient sample of 60 will be used. For the HAGOS scores, a sample of 15-48 patients is required, depending on the subscale. 40 Sample sizes for central outcomes are listed in table 2. Our goal is to include 60 patients with a full 1-year follow-up within 3 years. The reference group will consist of 30 agematched and gender-matched persons, which will be sufficient for statistical tests compared to the patient group (based on reference data for hip flexor peak torque 23 and hip flexion moment during walking 39 ).
Statistical considerations
Patients and the reference group will be compared with multiple regression analysis adjusted for age and gender if the assumptions for this model are met. Otherwise, corresponding non-parametric statistics will be applied. The preoperative-to-postoperative evaluations will be analysed with paired parametric statistics. Where measurements are repeated more than once, a mixed-effects model will be applied if the assumptions for the analysis are met. If not, corresponding non-parametric statistics will be applied. Subgroup analyses will be included in the mixed-effects model where appropriate. If distribution of data indicates that subgrouping by age and gender is relevant, these groups will be compared with non-paired statistics. The level of significance will be 0.05. Effect sizes will be calculated where appropriate.
Ethics and dissemination
All participants will give their written informed consent prior to participation in accordance with the Declaration of Helsinki II. The cohort is registered at clinicaltrials.gov (NCT02306525). The results from this study will be presented at congresses and published in peer-reviewed journals.
DISCUSSION
Arthroscopic hip surgery has been offered as a treatment for FAI during the past decade and our experience with the procedure is still growing. This cohort will provide information about the natural time course of self-reported and objectively measured outcomes prior to and following hip arthroscopy for FAI. Our results will enable analysis of the outcome of the surgery and here highlight possible target areas for further intervention and rehabilitation. Furthermore, if it is possible to subgroup patients into cam/pincer/mixed, valuable information about the differences between these subgroups will be obtained from this study. A limitation is that owing to the large number of functional tests applied in this study, it is not possible to include a sufficiently large number of patients to secure subgroup analyses. Hence, it is not certain that enough patients will be available for subgroup analyses. On the other hand, this study provides a detailed analysis of performance measures not seen in similar large scale. Possible subgroup patterns identified in this cohort may be investigated in future studies powered for this purpose.
The inclusion of an age-matched and gender-matched reference group is a strength of this study since it is here possible to analyse if patients reach reference values 1 year after surgery. It is not taken into account if the reference group has asymptomatic cam and/or pincer deformities based on hip radiographs. Our reference group is therefore clinically, but not necessarily radiographically, healthy. This should be taken into consideration when interpreting the results.
The efficacy of arthroscopic hip surgery is not documented in a placebo-controlled randomised trial. Nevertheless, arthroscopic hip surgery seems to improve patient-reported outcomes, and therefore the primary goal for this study is to evaluate the present treatment strategy offered to patients with FAI. The results of this cohort study may highlight possible target areas for prehabilitation and rehabilitation areas and create a base for future possible randomised studies. We intend to perform future studies with long-term follow-up of this cohort, describing the rate of reoperations, conversions to total hip arthroplasty and development of OA.
